Meanwhile, the ICT (Information and Communication Technology) and robotic technology no longer only focus on upgrading devices for mobility on middle and long distance (e.g. mobility from city to city, within a city) [3] but enhance more and more devices for mobility on a short distance and on the level of centimeters (mobility in the neighborhood, within the building, and individual motions). Especially in ageing societies, aforementioned robotic power assisting "tools" might transform our way of thinking about how to utilize robot technology. A multitude of robotic devices able to restore, support, augment, and supplement human abilities has been developed up to now. In order to support a systematic development of future concepts, new application scenarios and technologies, we have mapped the state-of-the-art of robotic power assisted "tools" supporting and augmenting human abilities. Particularly, we will show in this article, that advancing robot technology has a growing potential to gain great influence in the construction and building sector and as assistants in our built environment. Most major industries have already extensively made use of robotic technology. Robotics has transformed production system technology in automotive industry, aircraft industry and in the electrical appliances' sector. Rapid advancements are currently made in ICT (Information and Communication Technology) and robotics in the medical field. Furthermore, in the US companies, e.g. John Deer, make advancements in applying field robotics to partly and fully autonomous farming machines. In the future, we see a huge potential for robotics -wearable cooperative systems as well as fully autonomous systems to permeate the field of construction and building technology. As construction technology we define tools and processes needed to erect a building. Whereas building technology refers to the buildings' or environment's performance and stands for tools and processes that assist people within the built environment from the scale of individual buildings up to neighborhoods or cities.
Construction technology
Up to now, automation and robotic technology has been applied in construction mainly for processing raw materials and production of building parts and building modules. Parts and modules had to be prefabricated in a structured and standardized environment for a safe and robust operation of the robots. In unstructured and not-standardized environments as on the construction site or in service environments, autonomous humanoids or service robots were difficult to operate. However, robot technology advances. Scientists as e.g. T. Hasegawa find ways to structure environments for robots [4] and also cognition and control technology become more advanced. Shimizu Corporation, a big Japanese construction company, cooperates with Yasukawa Electric Corporation, Kawada Industries and the national research institute AIST for introducing Humanoid robots to construction work for more than eight years already [5] . It has already been shown that humanoid robots as HRP-2 can carry a joinery bench together with a construction worker, fit an interior wall, and drive forklifts or diggers. Groups of HRP-2s can cooperate, move over a gradient of around five degrees and compensate for up to two centimeters on uneven surfaces [6] . They can straighten up themselves when they fall over. When carrying a component with a human, they use an adaptive and flexible arm system. An image processing system with a mobile portable control system has been developed to allow location detection. When the robots move over uneven surface, a force sensor in the sole of the foot and a balance sensor in the body register the difference and so, the sole of the foot can adapt to the surface. Yokoyama 
Building technology and service tasks
Experts and masterminds, as for example Bill Gates, announce the era of service robotics and estimate that service robotics as part of assisted environments will undergo a similarly fast and rigid development as the spread of personal computers in private and economic areas since the nineties. In 1961, Joe Engelberger already wondered, whether using robotic technologies only as industrial applications makes any sense. "The biggest market will be service robots," [7] asserted Engelberger, who started the industrial robotics era, when his firm Unimation delivered GM's first robot. Today, the application of robotics and distributed robotic sub-systems finally starts to extend into our home, office and town surroundings. This transformation, which has to be understood as a natural part of the evolution of robotics, will become visible especially when robots enter the field of service, assistance and care [8] . We think that modern robotics assisting and serving human beings will permeate into the "surroundings" of daily life and thus become an integral part of our www.intechopen.com built environment. Although building's interior environments and service environments tend to be less structured and standardized, increasingly autonomous robot systems can be applied to those environments. However, from a short term perspective, it will be easier to deploy not fully autonomous robotic systems as e.g. Suits for Power Assistance because they exploit human receptiveness and flexibility for robotic service.
Concepts and technologies
Exoskeleton and humanoid robot technology applied in construction and building technology demands for key concepts and technologies. At fists the degree of autonomy of the designed system has to be considered. Further, the fusion of speed, power and accuracy of robotic systems with human intelligence and flexibility within one system and the operation of humans and robots in dynamic environments can be supported by recent advancements in sensing and interface technology, actuator and control system technology and system design strategies. Further, a slow but continuous break up of strict borders between professions helps to create interdisciplinary cooperation and consortia which are able handling the complex challenges of man-robot cooperation. At the end of this chapter we present a categorization of exoskeleton and humanoid robot technology applied in construction and building technology based on the system complexity.
Exoskeletons, humanoids and autonomy
Robotic systems can have varying degrees of autonomy. Robots with a low degree of autonomy require detailed pre-programming or detailed real-time operation of a human person. Robots with a medium degree of autonomy only require supervision and an operator only has to assign tasks for which the robot autonomously finds sufficient solutions. Robots with a high degree of autonomy are capable of performing tasks and making decisions without major human interference. Especially in the area of construction and building technology the degree of autonomy of a system plays an important role as e.g. construction sites and service environments within buildings often provide dynamic environments and unstructured, complex work tasks. One can address this problem by modifying or structuring the environment or work task on the one hand or by advancing robot control technology or the application of artificial intelligence on the other.
Interface technology for human-robot cooperation
In task oriented systems where humans and robots closely cooperate a close link between the man's sensing and motion system and the robot's sensors and actuators is created ideally. With every advance in sensing technology and signal interpretation methods, these cooperative approaches become more practical. Following control strategies based on sensing human motions, feelings and intentions can be distinguished: A Vulcan eruption covered a large area with dust which would be health threatening for humans removing it. Thus a number of construction machines with the ability to be remote controlled from a save place had to be developed. Mt. Fugen is the main peak of Unzen Volcano, which is the collective name of a group of volcanic cones constituting the main part of the Shimabara Peninsula. Its phreatic eruption on 17 November 1990 caused a number of pyroclastic flows, which killed 44 people and destroyed 820 houses. The area around Mt. Fugen was deadly damaged by debris flow and pyroclastic flow. The restoration works to remove much stone and sand and the bank protection works were done by unmanned construction machines in order to avoid the risk of further catastrophes. Tele-operators manipulated machines from the operation room, which was more than 2km apart. Wearing special goggles, operators were watching 3D-images of the site sent by cameras equipped with machines. The efficiency of these remote-controlled works was estimated to be 70 percent of usual works [9] . Due to this incident Japanese researchers and construction companies realized the importance of teleoperation technology. Today intelligent excavators with the ability for tele-operation and even partly autonomous operation capability are under development in the R&D sections of all major Japanese and Korean contractors. Further Japanese researchers and construction companies have tried to control construction machinery by teleported humanoids (Figure 02 ). This approach has the advantage that standard construction machinery can be used without modification. Tele-existence and Tele-control can not only be used for 1:1 real time control of a single robot or intelligent construction machine by one assigned operator. With rising degree of autonomy of the robot systems used the tele-operator becomes a sort of supervisor able to control multiple construction machines at once. Already in the 80s the vision of multiple cooperating construction robots are operated by a single human supervisor from a central existed ( Figure 03 ). Today indeed more and more researchers succeed in developing fully functioning and highly autonomous construction machines that can be tele-supervised ( Figure 03 ). Piezoelectric Actuators Besides the increasing ability to downsize motors it is by now possible to improve precision and speed. Advances in robot kinematics and robot dynamics are important for developing robust and save control system technology for more complex man-robot systems in construction and building technology.
Energy supply
Energy Supply is a crucial issue in developing exoskeleton and humanoid robotic applications for construction and building technology. Unlike to robotic applications in other industries, many tools and assistive devices need to be independent from connecting cables. However, battery packs necessary to supply energy for the actuators represent heavy load. Thus, on the one hand the battery systems need to be developed so that they support mobility and wear-ability of robotic systems but on the other hand robotic applications and systems have to be designed to be highly energy efficient.
Development complexity
Only interdisciplinary cooperation can handle the complexity associated with advanced man-robot cooperation systems. Besides knowledge from fields related to robotics (electrical engineering, mechanical engineering, and informatics), knowledge from various anthropological sciences as psychology, ergonomics, neuroscience and psychology is needed to design such systems [10] . Moreover, the blurring of borders between man and machine within a single system gives rise to philosophical and ethical questions. Finally, in order to receive subsidies from investing enterprises and to manage complex system developments, entrepreneurs with the ability to lead highly interdisciplinary teams and complex innovations have to be educated.
Categorization according to system complexity
In order to be able to design work tasks and application scenarios for exoskeletons and humanoids in construction and building technology we classify robotic systems according to system complexity. With complex systems we mean systems that consist of a number of subsystems and sub-elements. Accordingly, element technologies are basic technologies. They can be applied as standalone systems or combined as sub-elements to more complex subsystems. Subsystems denote e.g. partial exoskeletons (exoskeleton for lower body part/feet, Exoskeleton for upper body part). A total system consists of several sub-systems; here we mean e.g. total exoskeletons or mobility robots. Autonomous robot systems (humanoid robots, service robots) and distributed robot systems can operate highly autonomous and are able to support robot service on city scale. They stand for highly complex robot systems built up by multitude of element technologies, subsystems and autonomous robot systems. 
Examples according to system complexity
In this section we outline several examples of each of the categories introduced above. All examples contain information about the developing institution and about the systems' performance. We also go into the target groups and the development stage of each system. Each category is introduced by a short description of the status quo in the field. Further, we outline applications in construction and building technology for each category.
Element technology
Element technologies are basic technologies that can be applied as standalone systems or combined as sub-elements to more complex subsystems. We denote technologies for power augmentation, sensing and motion augmentation and cognition augmentation as element technologies.
Power augmentation
"Power Effector" developed by MMSE Project Team is a robot which augments the strength of a part of human body, but its concept is different from others. Most wearable robots must be compact and light in order to be comfortable for the users and be suitable for the surroundings which are designed for the dimensions of the human body. On the other hand, another approach is to be bigger and heavier so that operations can be carried out which a person itself could never accomplish. Mr. Katsuya Kanaoka, Ritsumeikan Univ. has proposed the concept "Man-Machine Synergy Effector" (MMSE), which combines flexible human skills with precision and high power of machines [11] . "Power Effector" can amplify human power 1 to several thousand times. This Technology is expected to be introduced to heavy physical work that is not programmable and requires not only powerfulness but also intelligence, facility, and experience. 
Power Effector

Sensing and motion augmentation
This category represents robotic devices which are equipped with a part of human body and support its movements. These systems should be designed accurately not to interfering complex movements on joints. An exoskeleton developed by University of Tsukuba works only when the wearer needs its help so that it doesn't disturb wearer's delicate works [12] . Researchers in Okayama University developed some wearable robots called "Power Assist Wear" [13] . Their actuator is a pneumatic rubber artificial muscle which is light, soft and fitted for users. "Power Assist Glove" is made from a curved type of artificial muscle which is a combination of materials with different stretch, e.g. rubbers and cloths. Although they are mainly used as rehabilitation tools at the moment because of their limited effectiveness, some products aim at being adapted to construction works and enabling elderly or female workers to work with less physical efforts. 
Exoskeleton hand and wrist support system
Subsystems (assistive devices and partial exoskeletons)
This category represents wearable robots which assist wearers during laborious and continuous work. Their output is not very strong, but these devices are effective in preventing workers from getting injuries such as backaches. Honda has developed several walking assist devices based on the technology utilized in ASIMO, their famous Humanoid robot. "Walking Assist Device with Bodyweight Support System" supports a part of the wearer's weight while walking, going upstairs and downstairs and keeping in a hard position. The supposed users are not disabled but need support for certain works. Smart Support is a business company from Hokkaido University, which is aimed to popularize their product called "Smart Suit". It's a light and comfortably wearable power assist system motivated "Semi-Active Assist Mechanism". This product has been already used for restoration works after the big earthquake in Tohoku Japan. 
Total systems
Element technologies as described above can be combined with sub-elements and subsystems (e.g. partial exoskeletons, exoskeleton for lower body part/feet, and exoskeleton for upper body part) to more complex total systems as full body exoskeletons or mobility robots.
Exoskeletons
"Robot Suit HAL" is a well-known Japanese Exoskeleton which is specialized on detecting very weak corporal signals on the surface of the skin which are generated when a person attempts to move. In 2008, Daiwa House Industry started the renting of "HAL for Welfarebeing". The product is now used in several nursing homes and welfare facilities in Japan to assist elderly or disabled people in walking. There are also some other prototypes of exoskeleton in Japan, and each of them uses different actuators, e.g. ultrasonic motors, pneumatic rubber artificial muscles, and air bag actuators [19] [20] [21] . They are tackling some common challenges such as down-sizing, long-time operations, and low-cost manufacturing in order to bring their product to market. These exoskeletons will get further usability when they are combined with some other element technologies. Prof. Shigeki Toyama, who made "Wearable Agri Robot", plans to develop Augmented Reality goggles which show information of vegetables and fruits, the health condition of workers, and the working hours and inform workers when to have a break. Although each project team expects to introduce own products into a specific working area, it's relatively easy to apply one them to other fields, especially construction works, because they support mainly same movements such as bending down or lifting heavy things up and have a common purpose; preventing workers from repetitive strain injuries.
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Mobility robots
Robots for lifting people are applied at the homely environment to support people with immobility (elderly, patients or disabled) and their caregivers. Lifting is a basic activity of daily life, meaning it is an event that is indispensable for bathing, dressing, going onto the toilet and feeding. Patient transfer robots were in the focus of researchers and commercial developers since the beginnings of the research upon nursing in the 70s. Several types of transfer can be identified and various types of robots have been developed. Robots for lifting people from the bed, robotic wheelchairs and robotic walking frames are just a few basic examples to be named among a series of robotic patient transfer systems, which have been developed up to now. However, recently robotic technology is also applied to personal mobility following a "design for all" strategy. Toyota calls its next generation of downsized, personal, and electrical mobility devices like iREAL and i-Swing explicitly "Mobility Robots" and for that closely cooperates with top robotic researchers making these devices as intuitively controllable as possible. Further, also mobile suits as Toyota's i-foot and KAIST's HUBO-FX1 [23] belong to the category of mobility robots. Mobility Robots can be considered as a special type of mobile suits. They not only augment or multiply human power but they equip human beings with a completely new capability. Mobility robots can communicate with each other and the environment (car-to-x communication) and have a high potential for autonomous or autopilot control. Therefore, in our categorization we place mobility robots between Exoskelettons and fully autonomous Humanoids. 
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Autonomous robots
Autonomous robots stand for highly complex and autonomous robot systems built up by multitude of element technologies and subsystems. In our categorization we consider android/humanoid robot system and service robots as autonomous robot systems.
Android/Humanoid robots
Humanoid robots are complex autonomous systems that can adapt to changes in the environment. Their appearance, function and motion capability are entirely depending on the equivalent in the human body. Androids not only interpret the human body's function but are designed to imitate human appearance and behavior. For both humanoids and androids service scenarios can easily be envisioned, yet, due to their technical complexity, www.intechopen.com real world applications are still rare. Exoskeletons come from a contrary approach, combining the flexibility and intelligence of human beings with the speed and power of robotic systems. Today, Wearable Robots and Assistance Suits provide more flexibility, however, in the future, considering advancements in robot control and artificial intelligence, autonomous humanoids, androids and inhuman service robots are likely to increase in flexibility and the ability to adapt to various unstructured tasks and environments.
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Service robots (service in buildings)
Especially in Japan, a multitude of so called Entertainment Robots and Service Robots are developed and sold. Entertainment robots are designed to amuse, communicate, and perform simple tasks in the household. Mitsubishi's Wakamaru and Sony's Aibo for example had primarily been designed to communicate with household members and play music, not for providing care or household services. Yet, as the upkeep of social interaction increasingly becomes an integral part of care strategies, the taking over of entertainment and communication tasks by robots is envisioned by researchers and developers. Furthermore, www.intechopen.com homemaking robots are robots which take over simple tasks as cleaning, transport of objects or informing about intruders or the pet's well-being. Often, the robot's performing tasks in the household contain elements of both entertainment and homemaking. 
Distributed robot systems
Urban robotics is a research field situated between smart/sensible city research and robotics research. Its goal is to develop cutting-edge technologies as well as application scenarios for urban life supported by robotic devices. The research field is pioneered by T. Hasegawa and his Town Management System enabling robots to outsource complexity to sensors and vision systems distributed in the city environment [4] . Other interesting impulses in this research field are coming from research on smart cars and e-government. Furthermore, NASA accounts controlled traffic systems and smart grid energy systems as so called "Immobile Robots" [25] .
www.intechopen.com
Application in Construction/Building: Distributed robot systems enable robots to execute various tasks for ordinary human life on building and city scale. Further, they can be used to operate highly automated construction sites (this application of robotics we describe in detail in [26] ). Tele-operated robot and construction system consisting of multiple subsystems can be used for automated construction on moon, mars or deep sea and underwater mining operations.
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Relation of system complexity and work task complexity
By implementing robotic technology in construction and building technology, the degree of autonomy of the robotic system has to be considered. In general, the degree of autonomy of a robotic system is closely correlated to its work tasks it can perform. Work tasks can be classified into work tasks which are structured and standardized on the one hand and unstructured and not standardized work tasks on the other hand. For example, on the lowest level, resources and materials are processed using robots in standardized conditions. However, the assembly of building kits is done in a less structured environment and thus needs robotic systems which are more flexible. Up to today, it was difficult to apply humanoids to other autonomous complex robot technology in work tasks as building kit assembly and service. Yet, advancements in structuring environments and information about the environment for robotic systems on the one hand, and robot control technology and artificial intelligence on the other hand, lead to the fact that all highly autonomous systems can increasingly be applied in service environments. Table 1 . Up to today, it was difficult to apply humanoids to other autonomous service robots in work tasks as building kit assembly and service. Yet, advancements in structuring environments and information about the environment for robotic systems on the one hand, and robot control technology and artificial intelligence on the other hand, lead to the fact that all highly autonomous systems can increasingly be applied in well planned service environments. 
Exoskeletons and Humanoid
Modularity and compatibility of element technology
The authors are currently working on applying and seamlessly integrating distributed robotic technology and mechatronic systems into home, care and city environments [27] [28] [29] . When people are assisted in close correlation by a robotic system, it is necessary to acquire as much data as possible about the person in real-time (e.g. activity, movement, vital signs) in order to understand and be able to predict mental and physical stat at any time. The authors currently develop a chair which is in real-time monitoring and interpreting vital data and is beyond that able to serve as a control station for games and home automation. The chair is developed within GEWOS, a University-Industry collaborative project financed by the German ministry (Runtime: 2010-2013) [30] . Its objective is to upgrade furniture components with sensors and other mechatronic components in order to support a healthy, save and active life at home. Among the partners are the Fraunhofer Institute for integrated circuits (section medical sensors) and EnOcean GmbH, a forerunner in energy harvesting and sensor applications. The first target of the consortium is to develop a "Fitness Chair" which is measuring people's vital signs, then makes those vital signs transparent to the user and finally try to activate the user to become more active (Figure 15 ), do sports and meet friends. 
Conclusion
We have argued that human beings are steadily using and advancing tools. Exoskeletons and especially humanoid robotic technology in ill defined construction and built service environment as a whole or its subsystems/elements can be seen as a highly advanced tool or cooperating set of tools. Exoskeletons and humanoid robotic technology not only allows augmenting human abilities but creates tools that are capable of autonomous decisionmaking and performance in order to achieve certain goals as agent of a human being especially in dangerous, dirty and tedious construction activities. Most major industries have already extensively made use of robotic technology, which transforms production system technology in automotive industry, aircraft industry, the electrical appliance's sector, the medical field, farming and even recently construction. For the near future, we see a huge potential for robotics -wearable cooperative systems as well as fully autonomous systemsto permeate the field of construction and building technology. We have presented a categorization distinguishing between mechatronic, robotic, microsystemic element technology (power augmentation, sensing and motion augmentation, and cognition augmentation), subsystems (assistive devices and partial exoskeletons), total systems (exoskeletons, mobility robots), autonomous robots (humanoids, service robots) and highly complex distributed robot systems. Further, we have shown that with each new generation of robots, the applicability of robots in rather unstructured environments as on the www.intechopen.com construction sites or in building service environment advances. Finally, new sensing and interface technologies allow that robotic systems can be fully integrated in complex humanmachine interaction systems and tasks. Based on the findings presented in this article, we assume that more and more flexible and autonomous exoskeletons and humanoid robotic technology will continue to permeate our in terms of complexity and work tasks rather unstructured domain of construction and building environment. Ultimately those exoskeletons and humanoid robotic technologies even will open up completely new possibilities for mankind in extreme and highly unstructured environments such as deep sea under water mining/habitat and construction and mining in space.
Appendix
Appendix should be put at the end of the chapter before Reference. You do not need to include any number before Appendix. This book provides state of the art scientific and engineering research findings and developments in the field of humanoid robotics and its applications. It is expected that humanoids will change the way we interact with machines, and will have the ability to blend perfectly into an environment already designed for humans. The book contains chapters that aim to discover the future abilities of humanoid robots by presenting a variety of integrated research in various scientific and engineering fields, such as locomotion, perception, adaptive behavior, human-robot interaction, neuroscience and machine learning. The book is designed to be accessible and practical, with an emphasis on useful information to those working in the fields of robotics, cognitive science, artificial intelligence, computational methods and other fields of science directly or indirectly related to the development and usage of future humanoid robots. The editor of the book has extensive R&D experience, patents, and publications in the area of humanoid robotics, and his experience is reflected in editing the content of the book.
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